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DESCRIPTION 
RADAR 



Technical Field 

[0001] The present invention relates to a device for 

detecting a target by using a radio wave and more 
particularly to a radar for performing detection on the 
basis of the frequency spectrum of a beat signal between a 
transmission signal and a reception signal. 
Background Art 

[0002] Up to now, a radar of an FM-CW method using a 

milliwave band radio wave has been developed as a mobile 
radar. That is, the distance to a target and the relative 
speed to the target are determined in such a way that FM 
modulation is performed in a fixed frequency range around a 
fixed frequency in the center, a beat signal between a 
transmission signal and a reception signal is generated, and 
the beat frequency when the frequency of a transmission 
signal in the beat signal increases and the beat signal when 
the frequency of a transmission signal decreases are 
identified. 

[0003] In order to identify the above-described up beat 

signal and down beat signal, the frequency spectrum of the 
beat signal is determined, and a fixed threshold value is 
set to separate signal components and noise components. 
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[0004] However, since the peak of beat signals in the 
frequency spectrum changes because of various causes, a 
signal and noise cannot be successfully separated only by 
simply setting a fixed threshold value. Accordingly, for 
example, a case in which a type of vehicle of a vehicle as a 
detection target is distinguished and a threshold value is 
set in accordance with the type of vehicle is disclosed in 
Patent Document 1 . 

[0005] Furthermore, a case in which a threshold value is 

set on the basis of a peak having the maximum power in 
accordance with the maximum power in a frequency spectrum 
changing when a rear vehicle suddenly appears in front of 
one's own vehicle is disclosed in Patent Document 2. 
[0006] Furthermore, a case in which a threshold value is 

set on the basis of the power of a plurality of peaks to 
cope with a peak decreasing in accordance with the distance 
to a target is disclosed in Patent Document 3 . 
[0007] Moreover, a case in which a peak in a false echo 

image is eliminated by increasing a threshold value using 
the frequency of the false echo image generated by a 
harmonic, switching frequency, etc., is disclosed in Patent 
Document 4 . 

[0008] Patent Document 1: Japanese Unexamined Patent 

Application Publication No. 6-214015 
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[0009] Patent Document 2: Japanese Unexamined Patent 

Application Publication No. 7-311260 

[0010] Patent Document 3: Japanese Unexamined Patent 

Application Publication No. 4-318700 

[0011] Patent Document 4: Japanese Unexamined Patent 

Application Publication No. 11-344560 
Disclosure of Invention 

Problems to be Solved by the Invention 

[0012] In the radar shown in Patent Document 1, even if 

the type of vehicle is distinguished, since an actual signal 
strength changes from the existing state of things, noise 
cannot be accurately removed. 

[0013] Furthermore, in the radars shown in Patent 

Documents 2 and 3, without setting a threshold value in a 
value and frequency range in accordance with each peak, a 
small target which is originally to be detected is lost. 

[0014] Moreover, in the radar shown in Patent Document 4, 

there is a problem in that it is able to remove only the 
noise whose position of appearance can be predicted in 
advance . 

[0015] Then, it is an object of the present invention to 
provide a radar in which the detection accuracy of a target 
is increased in such a way that a spectral peak generated by 
a reflected wave from the target included in a frequency 
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spectrum of a beat signal is more surely detected on the 
basis of the frequency spectrum. 
Means for Solving the Problems 

[0016] In the present invention, a radar for detecting a 

target on the basis of a peak frequency of a peak, the radar 
comprises means for transmitting a frequency modulated 
transmission signal and for generating a beat signal 
containing a component of a frequency equal to the 
difference between frequency of a reflection signal from the 
target of the transmission signal and the frequency of the 
transmission signal; means for determining a frequency 
spectrum of the beat signal; and means for determining the 
peak frequency of a peak appearing in the frequency spectrum. 
In the radar, means for setting a first threshold value on 
the basis of the intensity of background noise or the 
reflection signal intensity of a target having a fixed 
reflection sectional area, for setting a second threshold 
value in a fixed frequency region in the vicinity of each 
peak regarding a plurality of peaks exceeding the first 
threshold value appearing in the frequency spectrum, and for 
extracting a peak exceeding the second threshold value is 
contained . 

[0017] Furthermore, in the present invention, the second 

threshold value is heightened in a fixed band of the base 
portion in accordance with the expansion in the direction of 
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the frequency axis of the peak caused by multiplication of 
the beat signal by a window function. 

[0018] Furthermore, in the present invention, the second 

threshold value is heightened in a fixed band of the base 
portion in accordance with the expansion in the direction of 
the frequency axis of the peak caused by C/N characteristics 
of an oscillator for generating the transmission signal. 
[0019] Furthermore, in the present invention, the second 

threshold value is set so as to be gradually lowered in the 
upward and downward direction from the frequency of the peak 
as the center. 

[0020] Furthermore, in the present invention, the second 

threshold value is set so as to exceed the intensity of 
sidebands appearing together with the peak due to a 
modulation component superposed on the beat signal. 

[0021] Furthermore, in the present invention, means for 

extracting the peak is to extract a peak exceeding all of 
the second threshold values after the second threshold value 
is set starting with a peak having a higher peak value than 
others regarding a plurality of peaks exceeding the first 
threshold value. 
Advantages 

[0022] When a beat signal is multiplied by a window 
function, a protrusion portion (hereinafter simply referred 
to as a "peak") on the basis of a signal component appearing 
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in a frequency spectrum is expanded around a frequency of 
the peak (hereinafter referred to as a "peak frequency") as 
the center in the direction of the frequency axis. 
According to the present invention, a first threshold value 
is set on the basis of the intensity of background noise or 
the reflection signal intensity of a target having a fixed 
reflection sectional area, and, regarding a plurality of 
peaks exceeding the first threshold value appearing in the 
frequency spectrum, a second threshold value which is high 
at a frequency in the vicinity of the peak and low at a 
frequency away from the peak is set in accordance with the 
intensity of each peak. Thus, noise in the base portion in 
the vicinity of the peak can be removed by the second 
threshold value and also noise in the frequency region where 
there is no peak can be removed by the first threshold value. 
In this way, only an original peak (hereinafter referred to 
as a "target peak") generated in the frequency spectrum of a 
beat signal caused by a reflected wave from a target can be 
correctly detected. 

[0023] When the second threshold value is increased in 
accordance with the expansion in the direction of the 
frequency axis of the peak caused by multiplication of the 
beat signal by a window function in a fixed band in the base 
portion, the peaks appearing because of random noise 
superimposed on the base portion of the original peak due to 
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the multiplication by a window function cannot be wrongly- 
detected. 

[0024] When the second threshold value is increased in 

accordance with the expansion in the direction of the 
frequency axis of the peak caused by C/N characteristics of 
an oscillator generating the transmission signal in a fixed 
band in the base portion, the peaks appearing because of 
random noise superimposed on the base portion of the 
original peak due to the multiplication of a window function 
cannot be wrongly detected. 

[0025] When the second threshold value is set so as to be 

gradually lowered in the upward and downward direction from 
the frequency of the peak as the center, the peak generated 
by random noise superposed in accordance with the shape of 
the frequency spectrum where the closer to the original peak 
the frequency is, the higher the signal intensity is, is not 
detected, and as a result, only the original peak can be 
surely detected. 

[0026] When the second threshold value is set so as to 
exceed the intensity of sidebands appearing together with 
the peak due to a modulation component superposed on the 
beat signal, sidebands of the original peak cannot be 
wrongly detected as a peak. 

[0027] Furthermore, according to the present invention, 

by extracting a peak exceeding all of the second threshold 
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values after the second threshold value has been set 
starting with a peak having a higher peak value than others 
regarding a plurality of peaks exceeding the first threshold 
value, an original peak can be detected with a small amount 
of calculations at high speed and a target detection speed 
is increased . 

Brief Description of the Drawings 

[0028] Fig. 1 is a block diagram showing the structure of 

a radar according to a first embodiment. 

[002 9] Fig. 2 shows an example of the frequency change of 

a transmission signal and a reception signal changing by the 
distance to a target of the radar and the relative speed of 
the target . 

[0030] Fig. 3 is a flow chart showing the processing 

sequence for detection of a distance and relative speed. 

[0031] Fig. 4 shows the relation between the frequency 

spectrum of a window function and the expansion of the base 
portion of a peak. 

[0032] Fig. 5 shows the relation between background noise 

and the threshold value set by the background noise, and the 
relation between the reflection signal intensity of a target 
having a fixed reflection sectional area and the threshold 
value set on the basis of the reflection signal intensity. 
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[0033] Fig. 6 shows an example of noise peaks caused by- 

noise superposed on the base portion in the vicinity of a 
peak . 

[0034] Fig. 7 shows an example of a threshold value set 

in the base portion in the vicinity of a peak. 

[0035] Fig. 8 shows the relation between a threshold 
value set on the basis of background noise and peaks to be 
detected. 

[0036] Fig. 9 shows an example of a threshold-value line 

being lastly set . 

[0037] Fig. 10 is a flow chart showing the processing 

sequence for peak frequency detection. 

[0038] Fig. 11 shows an example of noise peaks generated 

in the base portion in the vicinity of a peak by C/N 
characteristics of an oscillator in a radar according to a 
second embodiment . 

[0039] Fig. 12 shows an example for setting a threshold 

value in the radar. 

[0040] Fig. 13 shows an example for setting a threshold 

value in a radar according to a third embodiment. 

[0041] Fig. 14 shows an example of a spectrum when an AM 

modulation component is contained in a beat signal in a 
radar according to a fourth embodiment . 
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[0042] Fig. 15 shows an example of a threshold value set 
on the basis of sideband noise contained in the same beat 
signal . 

Reference Numerals 
[0043] AD converter 

[0044] ADC AD converter 

[0045] DAC DA converter 

[0046] VOC voltage-controlled oscillator 
Best Mode for Carrying Out the Invention 

[0047] The structure of a radar according to a first 
embodiment is described in order with reference to Figs. 1 
to 10 . 

[0048] Fig. 1 is a block diagram showing the whole 

structure of the radar. A transmission-wave modulation 
portion 16 outputs digital data of a modulation signal to a 
DA converter 14 in order. A voltage-controlled oscillator 
VC01 changes the oscillation frequency in accordance with a 
control voltage outputted from the DA converter 14. Thus, 
the oscillation frequency of the oscillation frequency of 
the VC01 is continuously FM modulated to generate a 
triangular wave. An isolator 2 transmits an oscillation 
signal from the VC01 to the side of a coupler 3 and prevents 
the incidence of a reflection signal to the VC01. The 
coupler 3 transmits the signal coming through the isolator 2 
to the side of a circulator 4 and simultaneously gives a 



i 
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part, corresponding to a fixed allocation, of the 
transmission signal as a local signal Lo to a mixer 6. The 
circulator 4 transmits the transmission signal to the side 
of an antenna 5 and also gives a reception signal from the 
antenna 5 to the mixer 6 . The antenna 5 transmits the FM 
modulated transmission signal as a continuous wave of the 
VC01 and receives a reflection signal coming from the same 
direction. Furthermore, the antenna 5 periodically changes 
the direction of the beam over the range of a detection 
angle . 

[004 9] The mixer 6 mixes the local signal Lo from the 
coupler 3 and the reception signal from the circulator 4 to 
output an intermediate- frequency signal IF. An IF amplifier 
circuit 7 amplifies the intermediate-frequency signal with a 
fixed amplification degree in accordance with a frequency 
determined by the distance. An AD coupler 8 converts the 
voltage signal to a sampling data line and gives it to a DSP 
17. The DSP 17 temporally stores the digital data, the 
amount of at least one scan (the amount of a plurality of 
scanning beams over a fixed range of detection angle) , 
converted by the AD converter 8 and calculates the direction 
of a target from the antenna, the distance to the target, 
and the relative speed of the target with respect to the 
antenna . 
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[0050] In the DSP 17, a DC elimination portion determines 

an average value in a fixed sampling interval as a 
processing object in a later-stage FET in sampling data 
lines obtained by the AD converter 8. Since this average 
value is equal to a DC component to be determined by Fast 
Fourier Transform analysis, computations for subtracting the 
average value from each data in all sampling intervals are 
performed and the DC component is removed before the FET 
computation process. 

[0051] Regarding the data in which the DC component is 

removed by the DC elimination portion 9, a window- function 
processing portion 15 gets data out by using a window 
function of a fixed shape. When the data is obtained by 
using the window function, the truncation error caused when 
FFT computation is performed by cutting out a time waveform 
in a limited sampling interval is suppressed. For example, 
a window- function processing such as Hanning window, Hamming 
window, Blackman-Harris window, etc., is performed. 
[0052] A FFT computation portion 11 analyzes frequency 
components of the data in the above-described sampling 
interval multiplied by a window function. 
[0053] A peak detection portion 12 detects as a peak 
frequency the frequency of a signal having an intensity 
exceeding a fixed threshold value in the frequency spectrum. 
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[0054] A distance/speed calculation portion 13 calculates 
the distance to a target and the relative speed from the 
detected peak frequency. 

[0055] Fig. 2 shows an example of a deviation from the 

frequency change between a transmission signal TXS and a 
reception signal RXS caused by the distance to a target and 
the relative speed. The transmission signal TXS is a 
frequency-modulated signal having a center frequency fo as 
the frequency center to produce a triangular wave. The 
frequency difference between a transmission signal TXS and a 
reception signal RXS when the frequency of the transmission 
signal increases is an up beat frequency fBU, and the 
frequency difference between a transmission signal TXS and a 
reception signal RXS when the frequency of the transmission 
signal decreases is an down beat frequency f BD . The 
deviation (time difference) on the time axis between the 
triangular waves of the transmission signal TXS and the 
reception signal RXS corresponds to the roundtrip time of a 
radio wave to a target from the antenna. Furthermore, the 
deviation on the frequency axis between a transmission 
signal TXS and a reception signal RXS is the measurement of 
a Doppler shift and caused by the relative speed of a target 
to the antenna. The values of the up beat fBU and the down 
beat f BD change depending on the time difference and the 
amount of the Doppler shift. On the contrary, the distance 
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to a target from a radar and the relative speed of a target 
to the radar can be calculated by detection of the up beat 
and down beat frequencies. 

[0056] Fig. 3 is a flow chart showing the processing 

sequence of the above-descried DSP 17. First, data is taken 
in from the AD converter 8 (SI) , the data is multiplied by a 
weighted coefficient of Hanning window (S2) , FFT computation 
is performed (S3), and a power spectrum (hereinafter simply 
referred to as a "frequency spectrum") is calculated by 
taking a logarithm of the square summation of a real part 
and an imaginary part at each discrete frequency (S4) . 

[0057] In succession, a plurality of peaks in the 

frequency spectrum is detected, a target peak in the peaks 
is extracted, and the peak frequency is determined (S5) . 

[0058] The above processing in the upward modulation 
interval and downward modulation interval of a transmission 
frequency is performed, in order. Furthermore, the 
combination (pairing) of the peak frequency of a plurality 
of protrusion portions extracted in the upward modulation 
interval and the peak frequency of a plurality of protrusion 
portions extracted in the downward modulation interval is 
performed (S6) . That is, the peak frequencies of protrusion 
portions which originate in the same target are paired. 
Then, the relative distance and relative speed of the target 
are calculated from the peak frequencies (S7) . 
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[0059] Now, when the discrete frequency spectrum of FFT , 
etc., of beat signals is determined, the influence of the 
discontinuity of signals is suppressed by multiplying the 
sample of a cut-out signal and a window function together. 

[0060] Fig. 4 shows an example of signal processing of 

multiplication by a window function and a frequency spectrum 
as its result. Here, Fig. 4 (A) shows a time waveform of a 
data line in which the above-described DC elimination is 
performed. When the data line is multiplied by a fixed 
window function shown in Fig. 4 (B) , a data line having a 
fixed number of data (data of a number of 1024, for example) 
is obtained as shown in Fig. 4 (C) . When FFT computation 
process is performed on the data line multiplied by a window 
function, a discrete frequency spectrum shown in Fig. 4 (D) 
is determined. 

[0061] In Fig. 4 (D) , the circular mark shows the signal 

intensity (power) at each discrete frequency. Furthermore, 
the solid line shows a continuous spectrum of the window 
function shown in Fig. 4 (B) . Since the frequency spectrum 
of the beat signal multiplied by a window function becomes 
the beat signal and the window function which are turned in, 
the spectrum expands in the direction of the frequency axis 
in accordance with the spectrum of the window function and 
the base portion is formed in the spectrum. 



192100.01 



M1071 . 1974 

- 16 - 

[0062] Fig. 5 shows two examples in which a threshold 

value for extracting a target peak from the frequency 
spectrum of a beat signal is set. Fig. 5 (A) shows the case 
in which a threshold value is set on the basis of background 
noise, and the relation between background noise and a 
threshold value set on the basis of that is shown. When a 
threshold value is set on the basis of background noise like 
this, the threshold value is determined so that the 
probability of the threshold value exceeding the background 
noise may be sufficiently small. The probability is 
determined by the average value and variance of background 
noise. In Fig. 5 (A), BN represents an instantaneous value 
of background noise, BNm represents an average value of 
background noise, and TH1 represents a threshold value. The 
horizontal axis represents the time (elapsed time) and the 
vertical axis represents the signal intensity. 

[0063] Fig. 5 (B) shows the case in which a threshold 

value is set on the basis of the reflection signal intensity 
of a target having a fixed reflection sectional area, and 
shows the reflection signal intensity of a target having a 
fixed reflection sectional area and the threshold value 
which is set on the basis of the reflection signal intensity. 
Here, the horizontal axis represents the distance (m) to a 
target and the vertical axis represents the reception signal 
intensity (logarithmic scale) in which the peak value is 0 
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dB. S represents the theoretical value of a signal 
intensity of 10 dBsm (reception signal intensity when the 
reflection signal intensity from an object having a radar 
reflection sectional area of 10 m2 is set to be 0) , and THO 
represents a threshold value in which a certain level is 
reduced from the theoretical value in consideration of time 
variation (scintillation) of the reception signal intensity. 
In this way, the farther the reflection signal comes from, 
the more the reception signal intensity is reduced, and 
accordingly, the threshold value is also changed in 
accordance with that. 

[0 064] However, around a target peak having a high 

reception signal intensity, the base portion of the peak may 
exceed the above -described threshold value TH1 determined on 
the basis of background noise or the threshold value THO set 
on the basis of the reflection signal intensity of a target 
having a fixed reflection sectional area, and, when the base 
portion is mixed with background noise, there is a case in 
that a peak caused by noise (hereinafter referred to as a 
"noise peak") is wrongly detected in that area as a peak due 
to a signal. 

[0065] Then, first of all, the expansion of a peak due to 

a window function and the upper and lower limits of the 
variation of noise intensity to be estimated from the 
variance of background noise are determined. When the upper 
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and lower limits exceed the amount of change of a fixed 
amount of intensity change set as the condition for the peak 
(protrusion portion) detection, there are cases in which the 
protrusion portion due to noise is detected as a peak. That 
is, in each range bin (each frequency range bin due to the 
FFT frequency resolution) excluding the target peak produced 
by multiplication by a window function, when the intensity 
of a certain range bin is the upper limit of the above- 
described upper and lower range and the intensity of the 
neighboring range bins on both sides of that is the lower 
limit, the above-described certain ranger bin may be wrongly 
detected as a peak. 

[0066] Accordingly, in the frequency range which may 

cause such a wrong detection, the peak of the intensity not 
exceeding the upper limit value of the summation of the 
expansion of the base portion of the peak due to a window 
function and the intensity of noise is processed so as not 
to be regarded as a reflection signal from the target. 

[0067] Accordingly, apart from the threshold value TH1 

determined on the basis of background noise, a threshold 
value TH2 is set so as to exceed the upper limit value of 
the summation of noise and the window function spectrum, and 
then, a signal exceeding both is detected as a reflection 
signal from the target. 



192100.01 



M1071 . 1974 

- 19 - 

[0068] The way of expansion of the base of a frequency 
spectrum is different depending on the kind of a window 
function. Furthermore, it is required to note that the way 
of expansion of the base of a spectrum is different between 
the case where the target peak position of a frequency 
spectrum is in agreement with the FFT ranger bin position 
and the case where both positions are different from each 
other (for example, when the frequency resolution of the FFT 
is 1 kHz, there is the beat frequency at a frequency which 
is not an integral multiple of 1 kHz) . In consideration of 
these, the case in which the base is most expanded because 
of the target peak position and the expansion of the 
spectrum is used as the reference. 

[0069] Fig. 6 shows the state of things of the base of a 

spectrum due to a window function and more particularly the 
appearance of noise peaks caused by added noise to that. 

[0070] Fig. 6 (A) shows the shape of the expansion of the 

base portion in the vicinity of the peak due to a window 
function. Furthermore, Fig. 6 (B) shows a spectrum which 
appears due to the synthesis of the expansion of the base 
portion in the vicinity of the peak due to a window function 
and noise. In these drawings, the spectrum SP0 indicated by 
the cross mark shows the case where the target peak position 
of a frequency spectrum is in agreement with the position of 
a FFT range bin, and the spectrum SP1 shows the case where 
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both positions are displaced half a range from each other. 
The P represents a target peak and NP represents a noise 
peak. When these noise peaks exceed the above-described 
threshold value TH1 determined on the basis of background 
noise, these noise peaks NP are wrongly detected as a target 
peak . 

[0071] Then, regarding the base portion of the peak, a 
threshold value different from the threshold value (first 
threshold value) TH1 is determined. 

[0072] Fig. 7 shows an example of the range of variation 

of noise intensity in the vicinity of the peak due to the 
expansion of the spectrum of a window function and mixing of 
noise. In Fig. 7 (A), C represents a theoretical value, U 
represents the level of the upper limit due to the mixing of 
noise, and D represents the level of the lower limit due to 
the mixing of noise. Then, as shown in Fig. 7 (B) , a second 
threshold value TH2 exceeding the level of the upper limit 
in consideration of the mixing of noise is set. 

[0073] However, since, in peaks in the frequency spectrum 

of a beat signal, it is not clear which is a target peak or 
a noise peak, it is needed to determine which is the base 
portion of the peak on which the threshold value TH2 is set. 
Then, the following is performed. 

[0074] Fig. 8 shows an example of a frequency spectrum 

having a plurality of peaks. Here, the waveform SP is a 
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frequency spectrum and the straight line TH1 is a threshold 
value set on the basis of the average value and variance of 
background noise of a spectrum. The background noise is 
background noise included in a beat signal in which a 
reflection signal from a target is not contained, and, in a 
design stage or manufacturing stage, the average value and 
variance are determined and the threshold value TH1 is 
determined in advance so that the probability that 
background noise as random noise exceeds the threshold value 
may be sufficiently small. 

[0075] The positions indicated by the circular mark in 

Fig. 8 (B) shows the peak positions in which the change of a 
signal intensity to the frequency change is of an angular 
shape in the range exceeding the threshold value TH1 . If 
all of the peak positions are real peaks in the range 
exceeding the threshold value TH1, the peaks indicated by 
the circular mark are also detected as target peaks. Then, 
a plurality of peaks exceeding the threshold value TH1 is 
detected and the threshold value TH2 is set for a peak 
having a higher peak value in order. 

[0076] Fig. 9 shows the example. Here, the threshold 

value TH1 is a threshold value determined on the basis of 
background noise as descried above, the threshold value TH22 
is a threshold value determined on the basis of the peak 
value of a peak P2 , and the threshold value TH21 is a 
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threshold value determined on the basis of the peak value PI. 
In the same way, the threshold value TH23 is a threshold 
value determined on the basis of the peak value of a peak P3 . 
As shown by a solid line in Fig. 9, a threshold-value line 
is determined by selecting a threshold value having a higher 
value in a plurality of threshold values. Accordingly, a 
peak exceeding the threshold-value line is detected as a 
target peak. 

[0077] Fig. 10 shows the processing sequence of a peak 

frequency detection corresponding to step S5 in Fig. 3. 

[0078] First, a threshold value TH1 is determined from 

the average value and variance of background noise, and 
peaks exceeding the threshold value TH1 in a plurality of 
peaks are extracted (Sll to S12) . In succession, a peak 
having the maximum peak value is detected in the peaks and a 
threshold value (TH22 in the example in Fig. 9) is set on 
the basis of the peak value (S13) . After that, the presence 
of peaks exceeding the threshold value (TH22) is decided, 
and, if they are present, a peak having the next largest 
peak value is detected and a threshold value (TH21 in the 
example in Fig. 9) is set on the basis of the peak value. 

[0079] After that, the same processing is repeated and, 
regarding all peaks exceeding a plurality of threshold 
values determined in consecutive order, a threshold value is 
set (S14 -> S15 S13 -> •••). Peaks exceeding the 
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plurality of threshold values determined in this way (PI, P2 , 
and P3 in the example shown in Fig. 9) are considered as 
target peak (S16) . 

[0080] In the above -described processing, the one having 

a higher value between the threshold value TH2 set in each 
base portion on the basis of the peak value of each peak and 
the threshold value TH1 determined from the average value 
and variance of background noise in each range bin is 
adopted as a threshold value, and a peak lower than the 
threshold value is processed as a noise peak. However, as 
described above, when a threshold value is set in the base 
portion in the higher order in peak value, noise peaks can 
be effectively shaken off. 

[0081] Moreover, with the inclusion of not only the 

threshold value TH2 set on the basis of the peak value of 
the detected peak and the threshold value TH1 determined 
from the average value and variance of background noise, but 
also the threshold value TH0 set on the basis of the 
reflection intensity from a target of a fixed reflection 
sectional area as shown in Fig. 5 (B) , the processing of 
adopting a higher value as a threshold value in each range 
bin may be performed. 

[0082] Next, a radar according to a second embodiment is 
described on the basis of Figs. 11 and 12. 
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[0083] In a radar of a FM-CW method, when C/N 

characteristics of an oscillator generating a transmission 
signal and local signal are worsened, the base in the 
vicinity of a peak which appears in the frequency spectrum 
of a beat signal is widened in accordance with that. That 
is, the more the noise component is included in the 
oscillation signal, the more the base portion of the peak is 
expanded in the direction of the frequency axis. Because of 
this influence, many peaks of a low intensity caused by 
noise appear in the vicinity of a peak having a large peak 
value, and there is a fear in that these are wrongly 
recognized as target peaks. 

[0084] Then, in the same way as the case of the first 
embodiment, a threshold level is set to a level (level which 
noise does not exceed with a fixed probability) exceeding 
the maximum value of a level to which the level of the base 
portion in the vicinity of a peak due to C/N characteristics 
and random noise are synthesized. 

[0085] Fig. 11 shows the state of a frequency spectrum 

produced by the synthesis of the expansion of the spectrum 
in the base portion in the vicinity of a peak due to C/N 
characteristics of an oscillator and background noise. 

[0086] If a peak is detected using only a threshold value 

TH1 determined on the basis of background noise shown in Fig. 
11, peaks shown by a plurality of circular marks contained 
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in the portion encircled by a broken line A in the drawing 
are wrongly detected as target peaks . 

[0087] Then, as shown in Fig. 12, the higher one between 
a threshold value. TH3 determined on the basis of the peak 
value of a peak P and C/N characteristics of the oscillator 
and a threshold value TH1 determined on the basis of 
background noise is used as a threshold value of the whole. 
In this way, the wrong detection of peaks generated by 
random noise superposed on the base portion in the vicinity 
of a peak because of the influence of noise superposed on an 
oscillation signal can be prevented. 

[0088] Moreover, when such a threshold value is set, in 

the same way as in the first embodiment, first, a plurality 
of peaks exceeding a threshold value TH1 determined on the 
basis of background noise are detected, the plurality of 
peaks is checked in order starting with a peak having higher 
peak value, and the process may be repeated until a peak 
exceeding a threshold value runs out . 

[0089] Next, a radar according to a third embodiment is 

described on the basis of Fig. 13. 

[0090] The amplification degree of the IF amplifier 

circuit 7 shown in Fig. 1 is changed by the frequency 
determined in proportion to the distance to a target of an 
IF signal as a beat signal. In the IF amplifier circuit 7, 
the farther a reflection signal comes from, that is, the 
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higher the frequency is, the more the amplification degree 
of the reception signal is increased. Accordingly, 
background noise also tends to increase as the frequency 
increases . 

[0091] Fig. 13 shows an example of a frequency spectrum 

in that case. In the example, a peak P is produced in a 
range bin 31, and, although the base portion on the lower- 
frequency side than that relatively rapidly decreases, noise 
of a high noise level appears on the higher- frequency side. 
Then, a threshold value determined on the basis of the peak 
value of a peak P is relatively rapidly decreased on the 
lower- frequency side as shown by the threshold value line 
TH2L in consideration of the characteristics of the 
correction of the distance -dependent decrease, and, as shown 
by the threshold value line TH2H, the decrease is made slow 
on the higher- frequency side. However, in the example in 
Fig. 13, the threshold value line TH2H on the higher- 
frequency side is made substantially constant (inclination 
is substantially zero) . 

[0092] Moreover, also, when such a threshold value is set, 

in the same way as in the case of the first embodiment, 
first, a plurality of peaks exceeding a threshold value TH1 
determined on the basis of background noise are detected, 
the plurality of peaks is checked in order starting with a 
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peak having a higher peak value, and the process may be 
repeated until a peak exceeding a threshold value runs out. 
[0093] Next, a radar according to a fourth embodiment is 
described on the basis of Figs. 14 and 15. 

[0094] In a radar of an FM-CW method, there is a case in 

which signals in a switching power supply, a clock 
oscillator of a signal processing circuit and beam scanning 
mechanism, etc., are mixed into a reception stage. Because 
of this, in the beat signal, an FM or AM modulation 
component except an original beat signal between a 
reflection wave form from a target and a transmission signal 
and the sideband component is produced as a spurious signal. 
When the peak value of an original target peak is high, even 
if the FM or AM modulation component is suppressed to a 
lower level in comparison with the level of the original 
beat signal, the peak of the sidebands exceeds the threshold 
level and is wrongly detected as a target peak. 

[0095] Fig. 14 (A) and (B) are the cases in which an AM 

modulation component is contained in the beat signal, Fig. 
14 (A) is the case in which the S/N ratio is relatively 
small and the peak value of a target peak is relatively 
small, and Fig. 14 (B) is the case in which the S/N ratio is 
relatively large and the peak value of a target peak is 
relatively large. 
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[0096] In this way, when the peak value of target peaks 

PI and P2 is relatively low and the intensity of background 
noise is high, since a threshold value TH1 determined on the 
basis of background noise is high and the sideband component 
is small, the peak due to the sideband does not exceed the 
threshold value TH1 . However, as shown in Fig. 14 (B) , 
since the peak value of target peaks PI an dP2 is high and 
the intensity of background noise is low, when the threshold 
value TH1 is low, peaks due to the sideband indicated by 
circular marks exceeding the threshold value TH1 are wrongly 
detected in the portion A in the vicinity of the target 
peaks . 

[0097] However, since the spectrum of a signal source 
generated as noise inside a device is substantially constant, 
the location and intensity of a sideband to be generated in 
the vicinity of a target peak due to the signal source can 
be produced. Then, as shown in Fig. 15, a threshold value 
which the peak of sidebands does not exceed is set in the 
vicinity of a peak. 

[0098] In Fig. 15 (A), a threshold value is increased in 

a frequency range where sidebands are generated in the 
vicinity of peaks. That is, a threshold value TH41 is set 
at an intensity exceeding the intensity of sidebands 
predicted in accordance with the peak value of a detected 
peak PI. In the same way, a threshold value TH42 is set at 
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an intensity exceeding the intensity of sidebands predicted 
in accordance with the peak value of a peak P2 . 

[0099] Furthermore, in Fig. 15 (B) , a threshold value is 

increased only at a location of a predicted sideband. 

[0100] Moreover, when such a threshold value is set, in 

the same way as in the first embodiment, first, a plurality 
of peaks exceeding a threshold value TH1 determined on the 
basis of background noise are detected, the plurality of 
peaks is checked in order starting with a peak having a 
higher peak value, and the process may be repeated until a 
peak exceeding a threshold value runs out . 

[0101] In this way, it is able to prevent the noise peak 

due to sidebands generated by a modulation component from 
being wrongly detected as a target peak. 
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